cussed. Mouse mammary tumor virus (MMTV), a type B RNA tumor virus, plays a key role in the etiology of mammary carcinoma in certain strains of mice. The interaction of MMTV, hormones, and certain host genetic factors in the development of mouse mammary tumors has been intensively studied as a model for human breast cancer (for reviews, see refs. [1] [2] [3] . MMTV is also a model system for studying the regulation of gene expression by glucocorticoid hormones (4) .
Studies of MMTV have been hampered by the lack of a simple, rapid, in vitro assay for viral infectivity. Until now, MMTV infectivity has been detected by in vivo assays based on the appearance of MMTV antigens in the milk of infected animals (5) or on the appearance of preneoplastic nodules (6) or tumors (1) in the mammary tissue of infected, hormonally stimulated animals. These assays require large numbers of animals, take several months for completion, and are, at best, only semiquantitative. A quantitative assay for infectivity of murine leukemia viruses, based on the detection of infected cells by immunoperoxidase, has been described (7) . MMTV has been shown to infect certain cell lines in vitro (8) (9) (10) . Immunoperoxidase has also proven useful for the detection of MMTV antigens (11, 12) . We have taken advantage of these findings to develop a rapid, quantitative assay for MMTV based on the detection of infected MMTV-antigen-producing cells by immunoperoxidase.
MATERIALS AND METHODS
Cell Cultures and Media. All cells were grown in Dulbecco's modified Eagle's medium containing 5% fetal calf serum (KC Biological) and 50jig of gentamicin per ml. Cells (HTC) from a rat hepatoma cell line (13) were obtained from Keith Yamamoto (Department of Biochemistry and Biophysics, University of California, San Francisco). Cells from a cell line (NMuMG) established from normal murine mammary gland cells from the Namru mouse strain (14) Virus. Virus (GR-MMTV) was obtained from the culture fluid of GR3A cells (16) that were maintained in Dulbecco's modified Eagle's medium containing 5% fetal calf serum and 50,g of gentamicin and 5 ,ug of dexamethasone per ml. The culture fluid was collected every 48 hr, clarified at 4000 X g for 15 min, and used directly, or the virus was purified by ammonium sulfate precipitation and density gradient centrifugation as described (17) . Purified virus was pelleted at 300,000 X g for 20 min, resuspended in infectivity medium [Dulbecco's modified Eagle's medium containing 5% fetal calf serum and 50g of gentamicin, 10 lAg of insulin (Sigma), and 4 Mg of dexamethasone (Sigma) per ml], filtered through a 0.22-jum Millipore filter precoated with 1% polyvinylpyrrolidone-360 (Sigma), and stored at 0.1 mg/ml (-700C) or used immediately. Clarified culture fluid was stored at 40C and used within 24 hr of collection.
Infectivity Assay. (a) Cell plating. Single cell suspensions were prepared by brief trypsinization followed by suspension in infectivity medium without dexamethasone; viable cells were counted in a hemacytometer with 0.5% trypan blue. Cells were plated at 5000-5500 cells per 6-mm well in 96-well microtiter plates (Falcon) in a volume of 0.2 ml. At this plating density, cells became 100% confluent 5 days after plating.
(b) Infection. Twenty-four hours after cell plating, serial 1:2 dilutions of virus were made in infectivity medium, and 0.1 ml was added per microtiter well. Eight wells were infected at each dilution. Virus was allowed to adsorb for 2 hr at 37"C; then 0.1 ml of infectivity medium was added. Cells were incubated for 4 (19) and by using the relationship that the TCID50 corresponds to 0.7 infectious unit (20 
RESULTS
Detection of MMTV Antigen-Producing Cells. Various dilutions of GR3A culture fluid or density gradient-purified virus from GR3A culture fluid were added to HTC, NMuMG, or CRFK and after 4 days, when confluent monolayers were formed, cells were fixed and stained by the immunoperoxidase procedure for the detection of MMTV antigens. Antigen-containing cells were detected by a dark red stain when 3-amino-9-ethylcarbazole was used as a substrate. The positive cells were frequently found in small clusters (foci) of two or more cells with a mean of six cells per focus (Fig. 1) (8 days) 4.44 HTC were infected with half-logarithm dilutions of purified GR3A virus, fixed, and stained after 4 days to determine the number of PSC and PSF, or they were passaged, fixed, and stained for the 50% endpoint determination as described in the legend to Table 2 .
Titration of MMTV Infection in Murine and Nonmurine Cells. To determine the relationship between the concentration of input virus and the resulting number of infected cells, three cell types were infected with various dilutions of culture fluid from GR3A cells. A linear relationship was observed between the number of PSC or PSF and the dilution of GR-MMTVcontaining culture fluid added to murine or nonmurine cells (Fig. 2) . A 1:2 dilution of culture fluid resulted in a 50% decrease in both PSC and PSF. Slopes were between -0.85 and -1.00, and correlation coefficients were >0.95 by linear regression analysis. A linear dose-response relationship was also observed when density gradient-purified virus was substituted for GR3A culture fluid. This linear relationship allows the rapid quantitation of MMTV in terms of a biological property-i.e., virus infectivity.
The infectivity titers for GR-MMTV were similar in murine and in nonmurine cells (Fig. 2) , suggesting that there were no major differences in the ability of GR-MMTV to infect these cell lines and thus no detectable host range restriction resembling that found in other RNA tumor viruses (21) .
The titers for GR-MMTV in these cell types were not significantly different between different virus stock preparations or between different aliquots of the same virus stock.
Precision of the Assay. NMuMG were infected with various dilutions of GR3A culture fluid and the PSC and PSF were determined by the immunoperoxidase assay (Table 1) . Eight wells were infected per dilution and the precision at each dilution was determined by calculating the coefficient of variation (SD * . mean) which is inversely related to the precision (22) . Values for the coefficient of variation ranged from 0.112 to 0.642, showing that the assay is reproducible between identical samples assayed at the same dilution. 50% End-Point Titration of MMTV. A direct correlation between PSC and PSF was observed, irrespective of virus concentration or cell type (Fig. 2) , with a PSC/PSF ratio of approximately 6:1. To determine which method of quantitation was a more absolute measure of the number of infectious units, we compared directly the number of PSC and PSF obtained by the immunoperoxidase assay with another standard infectivity assay (not previously reported for MMTV), a 50% endpoint titration using purified GR-MMTV assayed on HTC ( Table 2) . Comparison of the two assays (Table 3) revealed that the number of infectious units obtained by the 50% end-point method was identical to the number of PSF present 4 days after infection; PSC titer at day 4 was 6-fold higher than the number of infectious units by the 50% end-point method.
Inactivation or neutralization of MMTV infectivity. The titers of MMTV in the experiments described below were measured in terms of both PSC and PSF. In each experiment there was a constant ratio of 5 or 6 PSC per PSF. Because the number of PSF at day 4 corresponded to the titer obtained by the 50% end-point method, we chose to measure the infectious titer by counting PSF. Although the 50% end-point titration is also a precise measure of infectivity (19), we have found it more cumbersome and time-consuming than counting PSF.
Heat and UV irradiation. Aliquots of MMTV used for infectivity were heat-treated or irradiated with UV light to inactivate the virus. Virus suspended in infectivity medium at 5 ,gg/ml was heated at 550C for increasing periods of time and then used to infect HTC; the PSF were determined after 4 days. No PSF were detected when virus was treated at 550C for 40 min (Fig. 3) . In another experiment, MMTV was suspended at 10,ug/ml in infectivity medium, exposed to UV irradiation (200 erg sec1 cm-2) for increasing lengths of time, and assayed for infectivity as above. Complete loss of infectivity (Fig. 4) Antibody neutralization. To determine whether the infectious activity of MMTV could be inactivated immunologically, various dilutions of rabbit anti-MMTV antiserum and rabbit ,gg/ml) were exposed to UV irradiation (200 erg sec-1 cm-2), and 0.4-ml aliquots were removed at various times and assayed as in Fig.   3 .
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